Searching PAJ Pa S e 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 1 1 -082028 

(43)Date of publication of application : 26.03.1999 



(51)Int.CI. 



F02B 23/10 
F02F 3/26 
F02M 61/14 



(21 Application number : 09-235180 
(22)Date of filing : 29.08.1 997 



(71) Applicant 

(72) Inventor : 



TOYOTA MOTOR CORP 
HOKUTOU HIROYUKI 
KANDA MUTSUMI 
KASHIWAKURA TOSHIMI 
HATTORI FUMIAKI 
TOMOTA AKITOSHI 



(54) CYLINDER INJECTION TYPE SPARK IGNITION INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form excellent uniform 
combustion air-fuel mixture at the time of the uniform 
combustion, and excellent stratified charge combustion air- 
fuel mixture at the time of the stratified charge combustion 
in a cylinder injection type spark ignition internal 
combustion engine which is operated by switching uniform 
combustion by the fuel injection of an intake stroke, and the 
stratified charge combustion by the fuel injection at the final 
stage of a compression stroke to each other according to 
the operating condition of an engine. 

SOLUTION: A fuel injection valve 1 injects fuel in a roughly 
hollow cone shape from the upper part of a combustion 
chamber, and the vertical component of the penetration 
force of the fuel injected is larger than its horizontal 
element, and a cavity 4 is formed at the top surface of a 
piston 3. The cavity 4 involves a peripheral wall surface 4a 
of roughly cylindrical shape, a bottom wall surface 4b 
connected smoothly to the peripheral wall surface 4a, and a 
swelling part 4c of roughly cone shape connected smoothly 

to the bottom wall surface 4b. The peripheral wall surface 4a of the cavity 4 is formed so that most 
of the fuel of roughly hollow cone shape injected from the fuel injection valve 1 collides at an acute 
angle at the final stage of a compressed stroke, and an ignition plug 2 is disposed in the vicinity of 
just above the swelling part of the cavity 4. 




LEGAL STATUS 

[Date of request for examination] 09.05.2000 
[Date of sending the examiner's decision of 07.05.2002 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAFmaGSPDA41 1 082028P1 .htm 09/04/1 5 



Searching PAJ 



r 



Page 2 of 2 



rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www19Jpdljpo.gojp/PA1/result/detail/main/wAAAFmaGSPDA411082028P1.htm 



09/04/15 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the following, the aforementioned peripheral wall side of the aforementioned cavity It 
is formed so that the great portion of fuel of the shape of an aforementioned abbreviation hollow 
cone injected from the aforementioned fuel injection valve may collide with an acute angle in the 
aforementioned compression stroke last stage, the aforementioned ignition plug The ignition plug 
and the fuel injection valve which injects fuel directly into a cylinder characterized by being arranged 
near right above the aforementioned protrusion of the aforementioned cavity are provided, according 
to engine operational status The cylinderHnjection-of-fuel formula jump-spark-ignition internal 
combustion engine with which uniform combustion by the fuel injection of an intake stroke and 
stratification combustion by the fuel injection of the compression stroke last stage are switched and 
carried out. For the vertical component of the accomplishment force of the aforementioned fuel 
which the aforementioned fuel injection valve injects fuel in the shape of an abbreviation hollow 
cone from the combustion chamber upper part, and is injected from the aforementioned fuel 
injection valve, it is larger than a horizontal component a cavity is formed in the aforementioned 
piston-top surface, and the aforementioned cavity is an approximate circle tubed peripheral wall 
side. The bottom wall side smoothly connected to the aforementioned peripheral wall side. The 
protrusion of the shape of an approximate circle drill smoothly connected to the aforementioned 
bottom wall side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a cylinder-injection-of-fuel 

formula jump-spark-ignition internal combustion engine. 

[0002] 

[Description of the Prior Art] The cylinder-injection-of-fuel formula jump-spark-ignition internal 
combustion engine which carries out uniform combustion from which fuel is injected in the 
compression stroke last stage at the time of an engine low load, stratification combustion of low 
mpg is carried out, fuel is injected by the intake stroke at the time of an engine heavy load, and high 
power is obtained is indicated by JP,1-203613,A. 

[0003] The fuel injection of the compression stroke last stage injects fuel in the cavity formed in 
the piston-top surface to the piston near the top dead center. In this way, evaporating with the heat 
of a piston, the injected fuel runs in the direction of an ignition plug, and concentrates the bottom 
wall side of a cavity at the ignition time near the ignition plug. On the other hand, it has the intention 
of the fuel injected by the intake stroke being diffused and evaporated by the flowing inhalation-of- 
air style, and uniform mixture fully being carried out in comparatively long time to ignition. 
[0004] 

[Problem(s) to be Solved by the Invention] In this internal combustion engine, the fuel injection 
valve is arranged at the suction-port side in the circumference portion of a combustion chamber 
upper wall. In intake-stroke fuel injection, when a piston is located near the bottom dead point, let 
the direction of a fuel-injection center of this fuel injection valve be a thing near comparatively 
perpendicularly so that the injected fuel may collide with a cylinder bore and may not make an 
engine oil dilute, good at the time of an engine heavy load — uniform — in order to form a gaseous 
mixture, as for fuel, it is desirable to weaken the accomplishment force in the shape of a cone, and 
to be injected from a fuel injection valve However, in such fuel injection, in the fuel injection of a 
compression stroke, the fuel which in addition to the accomplishment force of fuel itself being weak 
was injected in the cavity since the horizontal component of this accomplishment force was small 
does not run so that the bottom wall side of a cavity may be meant in the direction of an ignition 
plug. Thereby, fuel is injected in the shape of [ near ] a solid cone pillar-shaped, and good uniform 
mixture formation in intake-stroke fuel injection is made into the sacrifice so that a certain amount 
of accomplishment force may be given to fuel, in order that the fuel injection valve in this internal 
combustion engine may realize good stratification combustion. 

[0005] therefore, the good uniform combustion at the time of uniform combustion of the purpose of 
this invention — a gaseous mixture and the good stratification combustion at the time of 
stratification combustion — it is offering the cylinder-injection-of-fuel formula jump-spark-ignition 
internal combustion engine which can form a gaseous mixture 
[0006] 
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[Means for Solving the Problem] The cylinder-injection-of-fuel formula jump-spark-ignition internal 
combustion engine according to claim 1 by this invention An ignition plug and the fuel injection valve 
which injects fuel directly into a cylinder are provided, according to engine operational status In the 
cylinder-injection-of-fuel formula jump-spark-ignition internal combustion engine with which uniform 
combustion by the fuel injection of an intake stroke and stratification combustion by the fuel 
injection of the compression stroke last stage are switched and carried out the aforementioned fuel 
injection valve The vertical component of the accomplishment force of the aforementioned fuel 
which injects fuel in the shape of an abbreviation hollow cone from the combustion chamber upper 
part, and is injected from the aforementioned fuel injection valve is larger than a horizontal 
component A cavity is formed in the aforementioned piston-top surface, the aforementioned cavity 
It has an approximate circle tubed peripheral wall side, the bottom wall side smoothly connected to 
the aforementioned peripheral wall side, and the protrusion of the shape of an approximate circle 
drill smoothly connected to the aforementioned bottom wall side, the peripheral wall side of the 
aforementioned cavity In the aforementioned compression stroke last stage, it is formed so that the 
great portion of fuel of the shape of an aforementioned abbreviation hollow cone injected from the 
aforementioned fuel injection valve may collide with an acute angle, and the aforementioned ignition 
plug is characterized by being arranged near right above the aforementioned protrusion of the 
aforementioned cavity. 
[0007] 

[Embodiments of the Invention] Drawing 1 is outline drawing of longitudinal section showing the 
operation gestalt of the cylinder-injection-of-fuel formula jump-spark-ignitioh internal combustion 
engine by this invention. This cylinder-injection-ofHxiel formula jump-spark-ignition internal 
combustion engine carries out stratification ****** of low mpg which enables combustion [ RIN on 
the whole ] by injecting fuel in the compression stroke last stage at the time of an engine low load 
with little required fuel oil consumption, and forming a gaseous mixture only near the ignition plug at 
it. moreover, all fuel is injected in an intake stroke and uniform by ignition, since it becomes severe 
to inject all fuel in the compression stroke last stage in time at the time of the engine heavy load 
whose required fuel oil consumption increases — a gaseous mixture is formed and uniform 
combustion from which high power is obtained is carried out Of course, only predetermined fuel 
quantity is injected and you may make it inject the remainder of required fuel oil consumption to an 
intake stroke in the compression stroke last stage. 

[0008] In drawing 1 , 1 is a fuel injection valve iocated focusing on the abbreviation for the 
combustion chamber upper part. 2 is an ignition plug arranged near the fuel injection valve 1, and 3 
is a piston. This fuel injection valve injects liquid phase fuel 5a in the shape of an abbreviation 
hollow cone, it ****s the direction of an injection center perpendicularly mostly, and the vertical 
component of the accomplishment force of the fuel injected is made larger than a horizontal 
component. The fuel injected in the shape of a hollow cone has the weak accomplishment force, and 
is easily atomized by the inhalation-of-air style in intake-stroke fuel injection. Furthermore, its 
inhalation-of-air charging efficiency improves by the cooling effect of inhalation of air while a touch 
area with inhalation of air becomes very large, and heat sufficient from inhalation of air during a 
flight is given and evaporating the fuel injected in the shape of a hollow cone good, since inhalation 
of air exists also inside, moreover . Even if it adheres to piston 3 top face, without little fuel 
evaporating, such little fuel is easily evaporated with the heat of a piston 3. 

[0009] in this way, uniform mixture of the vaporized fuel is fully carried out with inhalation of air at 
the ignition time, and it is good — uniform — a gaseous mixture can be formed and good uniform 
combustion at the time of an engine heavy load can be realized Moreover, although a piston 3 
becomes near the bottom dead point at the time of a fuel-injection end when injecting quite a lot of 
fuel, a fuel injection valve 1 injects fuel perpendicularly mostly from the abbreviation center of the 
combustion chamber upper part, even if a fuel-injection configuration is a cone-like, the injected 
fuel does not carry out cylinder-bore adhesion, this adhesion fuel makes an engine oil dilute, or it is 
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prevented that fuel oil consumption runs short by this diluent. 

[0010] On the other hand, as for the stratification combustion at the time of an engine low load, 
required fuel oil consumption is injected from a fuel injection valve 1 in the compression stroke last 
stage. Drawing 1 shows the state after the fuel-injection start in the compression stroke last stage. 
The cavity 4 is formed in the top-face abbreviation center section of the piston 3. This cavity 4 has 
approximate circle tubed peripheral wall side 4a, bottom wall side 4b smoothly connected to 
peripheral wall side 4a, and protrusion 4c of the shape of an approximate circle drill which was 
located in the center of abbreviation of bottom wall side 4b, and was smoothly connected to bottom 
wall side 4b. Peripheral wall side 4a of a cavity 4 is formed so that the great portion of liquid phase 
fuel 5a of the shape of a hollow cone injected from the fuel injection valve in the compression 
stroke last stage may collide with an acute angle. Although the accomplishment force of liquid phase 
fuel 5a injected in the shape of a hollow cone is weak, since this accomplishment force mainly 
consists of a vertical component by that cause, this accomplishment force is fully employed 
efficiently and liquid phase fuel 5a which collides with peripheral wall side 4a of a cavity 4 advances 
in the direction of bottom wall side 4b along with peripheral wall side 4a. With this operation gestalt, 
a collision angle with hollow cone-like fuel is made small, and peripheral wall side 4a of a cavity 4 is 
smoothly made into the configuration of the truncated cone side with the minimum in attenuation of 
the accomplishment force of the fuel in the case of a collision at the sake. 

[001 1] Drawing 2 shows the state when the fuel injection of the compression stroke last stage is 
completed. As shown in this drawing, liquid phase fuel 5a which advances along with peripheral wall 
side 4a of a cavity 4 advances to bottom wall side 4b of a cavity 4, and subsequently it goes up, 
concentrating along with protrusion 4c. Since peripheral wall side 4a of a cavity 4 and bottom wall 
side 4b are connected smoothly circularly and bottom wall side 4b and protrusion 4c of a cavity are 
connected smoothly circularly, liquid phase fuel 5a can go up protrusion 4c good, without the 
accomplishment force declining not much. In this way, although liquid phase fuel 5a advances the 
inside of a cavity 4, when it is evaporated gradually and reaches with the heat of a piston 3 while in 
progress at the upper part of protrusion 4c, it is gaseous-phase fuel 5b completely. 
[0012] Drawing 3 shows the state of ignition timing of stratification fuel. As shown in this drawing, in 
ignition timing, all the fuel injected in the compression stroke last stage is set to gaseous-phase fuel 
5b, it concentrates near right above protrusion 4c, and forms a gaseous mixture with good 
ignitionability. The ignition plug 2 is arranged near right above protrusion 4c of a cavity 4 so that this 
gaseous mixture can be lit, and it can realize good stratification combustion in this way. 
[0013] In this operation gestalt, although the position of a fuel injection valve 1 was set as the 
abbreviation center of the combustion chamber upper part, it is also possible for this not to limit 
this invention and to arrange around the combustion chamber upper part. In this case, although the 
direction of a fuel-injection center receives perpendicularly and becomes slanting somewhat, the 
vertical component of the accomplishment force of the fuel injected is made larger than a horizontal 
component. Thus, it is possible to form the peripheral wall side of a cavity so that the great portion 
of fuel of the shape of a hollow cone injected may collide with an acute angle. Using the vertical 
component of the thereby comparatively big accomplishment force, fuel can be turned to the 
protrusion in a cavity and can be advanced good. Especially the position of the protrusion in a cavity 
is not limited in the center of a bottom wall side, but if the ignition plug is arranged near right above 
a protrusion, good stratification combustion is realizable. 
[0014] 

[Effect of the Invention] thus, the fuel with which it was weak, and the accomplishment force of fuel 
was injected since the touch area with the inhalation of air of fuel was large in order that the fuel 
injection valve for injecting fuel directly into a cylinder might inject fuel in the shape of an 
abbreviation hollow cone from the combustion chamber upper part according to the cylinder- 
inject ion-of-fuel formula jump-spark-ignition internal combustion engine according to claim 1 by this 
invention — good — evaporating — intake-stroke injection — good uniform combustion — a 
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gaseous mixture can be formed Moreover, the cavity which has the protrusion of the shape of an 
approximate circle drill connected smoothly is formed in an approximate circle tubed peripheral wall 
side, the bottom wall side smoothly connected to the peripheral wall side, and a bottom wall side at 
a piston-top surface, and it sets to the peripheral wall side of a cavity in the compression stroke 
last stage. In order for the great portion of fuel of the shape of an abbreviation hollow cone injected 
from the fuel injection valve to collide with an acute angle, even if the accomplishment force itself is 
weak, the vertical component of the comparatively big accomplishment force is used, fuel It goes on 
good to the bottom wall side smoothly connected from the peripheral wall side of a cavity, and it 
goes up further, concentrating a protrusion, the circumference of the ignition plug which fuel could 
give heat from the piston while the fuel in such a cavity was going on, has evaporated mostly when 
going up a protrusion, and is located near right above a protrusion — the stratification combustion 
with good ignitionability — a gaseous mixture can be formed 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section showing the operation gestalt of the cylinder-injection- 
of-fuel formula jump-spark-ignition internal combustion engine by this invention in the fuel-injection 
state of the compression stroke last stage. 

[Drawing 2] It is the same outline cross section as drawing 1 at the time of the fuel-injection end of 
the compression stroke last stage. 

[Drawing 3] It is the same outline cross section as drawing 1 in ignition timing. 
[Description of Notations] 

1 — Fuel injection valve 

2 — Ignition plug 

3 — Piston 

4 — Cavity 

4a — Peripheral wall side 
4b — Bottom wall side 
4c — Protrusion 



[Translation done.] 
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